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Word age-of-acquisition (AoA) affects reading. The mapping hypothesis predicts AoA effects when
input–output mappings are arbitrary. In Spanish, the orthography-to-phonology mappings required for
word naming are consistent; therefore, no AoA effects are expected. Nevertheless, AoA effects have been
found, motivating the present investigation of how AoA can affect reading in Spanish. Four experiments
were run to examine reading with a factorial design manipulating AoA and frequency. In Experiments
1 and 2 (immediate and speeded naming), only word frequency affected word naming. In Experiment 3
(lexical decision), both AoA and frequency affected word recognition. In Experiment 4 (immediate
naming with highly imageable items), both frequency and AoA affected naming. The results suggest that
highly imageable items induce a larger reliance on semantics in reading aloud. Such reliance causes faster
naming of earlier acquired words because the corresponding concepts have richer visual and sensory
features acquired mainly through direct sensory experience.
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In recent years, there has been an increasing interest in the
effects of word age-of-acquisition (AoA) on lexical processing.
Words acquired early in life are processed faster and more accu-
rately than words that are acquired later (for reviews, see Johnston
& Barry, 2006; Juhasz, 2005). AoA and frequency effects are
naturally intercorrelated: Words that are early acquired tend also to
be more frequently used (Morrison & Ellis, 1995). Nevertheless, a
series of observations have shown independent effects of word
frequency and AoA on word recognition (Brysbaert, Lange, & Van
Wijnendaele, 2000; Burani, Arduino, & Barca, 2007; Cortese &
Khanna, 2007; Cuetos & Barbón, 2006; Gerhand & Barry, 1998,
1999a, 1999b).
An explanation to address both the frequency and AoA effects
comes from connectionist computational models with distributed
representations. In such models, frequency effects result from the
training of the orthography-to-phonology (O-P) mappings (Plaut,
McClelland, Seidenberg, & Patterson, 1996; Zevin & Seidenberg,
2002) while AoA effects emerge from a general property of these
models. Ellis and Lambon Ralph (2000) showed that as learning
proceeded in the model, its plasticity reduced. If plasticity reduces,
words trained later are not learned as effectively as words trained
earlier (Lambon Ralph & Ehsan, 2006). Additionally, J. Monaghan
and Ellis (2002) found in a word naming experiment that the loss
of plasticity induced an AoA effect only in the case of words with
inconsistent O-P mappings. The computational connectionist mod-
els of reading proposed by Zevin and Seidenberg (2002), and more
recently by P. Monaghan and Ellis (2010) have shown that the
nature of the mappings between input and output elicits AoA
effects, with larger AoA effects when the mapping is arbitrary.
That is to say, AoA effects would emerge as a natural property of
models that learn over time when the learning involves input–
output mappings containing some degree of inconsistency or ir-
regularity and unpredictability (P. Monaghan & Ellis, 2010).
The AoA effects in word naming are predicted to be particularly
large when the associations (or mappings) between input and
output are arbitrary or uncorrelated, as is the case for words with
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some irregularities/inconsistencies in their spelling-to-sound cor-
respondences. In contrast, AoA effects should be reduced or non-
existent when the mappings between representations are regular, as
in reading aloud regular words (with consistent O-P mappings). In
transparent orthographies like Dutch, Italian, or Spanish, the map-
pings learned early by the model can be consistently carried over
to later learned mappings by generalizing these regularities. Under
such conditions, the advantage of early acquired (or trained) words
disappears, and consequently, no AoA effects are to be expected
(Ellis & Lambon Ralph, 2000; Lambon Ralph & Ehsan, 2006; J.
Monaghan & Ellis, 2002; P. Monaghan & Ellis, 2010; Zevin &
Seidenberg, 2002).
Despite the prediction that AoA effects will be reduced or
nonsignificant in word naming in transparent orthographies, con-
trasting results have been reported in these languages. Consistent
with the mapping hypothesis, word naming in Italian was affected
only by frequency but not by AoA (Barca, Burani, & Arduino,
2002; Burani et al., 2007). However, AoA has been found to affect
reading in Italian for words with irregular stress (Wilson, Ellis, &
Burani, 2012). Similarly, word frequency affected reliably word
naming in Dutch, whereas AoA effects on Dutch naming were
only significant over participants, not over items (e.g., Brysbaert,
Lange, & Van Wijnendaele, 2000; Ghyselinck, Lewis, & Brys-
baert, 2004). No AoA effects are expected to affect Spanish word
naming because this language has very consistent O-P mappings.
As a general rule, only one phoneme corresponds to one grapheme,
except for five digraphs (i.e., two graphemes that correspond to
one phoneme) and two contextually dependent vowel pronuncia-
tions (see Cuetos & Barbón, 2006; and Wilson & Martínez-
Cuitiño, 2012, for further details). However, contrary to the map-
ping hypothesis, in Spanish only AoA but not frequency has been
found to affect word naming (Cuetos & Barbón, 2006).
How could the pattern of results in Spanish word naming be
explained? One interpretation is that the reported AoA effects in
Spanish word naming may originate from a different source than
the arbitrariness of O-P mappings. It has been suggested that at
least part of the AoA effect has a semantic source. AoA effects
have been repeatedly found in semantic tasks, such as picture
naming or semantic categorization, in transparent and in opaque
orthographies (Bates, Burani, D’Amico, & Barca, 2001; Brysbaert,
Lange, & Van Wijnendaele, 2000; Brysbaert, Van Wijnendaele, &
De Deyne, 2000; Ghyselinck et al., 2004; Menenti & Burani,
2007). Thus, the AoA effect could come from two different sourc-
es: one that is lexically related (together with frequency) and one
that is semantically related (Bates et al., 2001; Brysbaert & Ghy-
selinck, 2006; Burani et al., 2007). In an attempt to disentangle the
semantic locus and mapping accounts of AoA, Izura and Ellis
(2002) tested Spanish (L1)–English (L2) late bilinguals. They
showed (Experiment 4) that the AoA of each language indepen-
dently affected performance in a lexical decision task in the same
language, even when the items that were early acquired words in
one language (i.e., Spanish) were late acquired in the other (i.e.,
English), and vice-versa. They claim that their results are compat-
ible with an explanation locating the AoA effect in the mappings
of representations but not in semantics because if the latter were
the case then the AoA of the word-concepts learned first in L1
(Spanish) would prevail over the word-forms learned in L2 (Eng-
lish). However, the results of other studies have suggested that
differences in word AoA at least reflect differences in the under-
lying visual and semantic representations, with more detailed and
multimodal semantic representations stored in different modalities
for early than late acquired items and a richer interconnectivity for
early than late acquired items (see also Steyvers & Tenenbaum,
2005). acquired items (see, e.g., Ellis, Burani, Izura, Bromiley, &
Venneri, 2006; Steyvers & Tenenbaum, 2005). While the most
recent simulation-based investigation (P. Monaghan & Ellis, 2010)
demonstrated the AoA effect could be observed in a network
learning just spelling-sound mappings (without a semantic com-
ponent), the authors of that investigation allow that when map-
pings involving semantics are implicated in reading, AoA effects
would be predicted to be greater (see, also, Lambon Ralph &
Ehsan, 2006).
For reasons that require elucidation, in the study by Cuetos and
Barbón (2006) word naming may have involved semantics to a
greater extent than in the other studies that have been conducted on
reading in transparent orthographies. Two characteristics of the
study by Cuetos and Barbón (2006) can be suggested to have
induced greater involvement of semantic processing in Spanish
readers and thus could be identified as potential causes of the
difference between the outcomes of the Spanish compared to the
Italian and Dutch word naming studies.
Firstly, Spanish readers participating in the Cuetos and Barbón’s
(2006) study were somewhat faster at naming (M  498 ms) than
the readers participating in the Italian studies (M  533 ms, Barca
et al., 2002; M  523, Burani et al., 2007). Even though this is
conjectural because these are two different languages and there
could be a high variability among populations and putative skill
level, the faster responses of Spanish participants might have been
responsible, at least in part, for the AoA effect on naming. Indeed,
it has been argued that the contribution of semantics is increased
when faster responses are induced (Kello & Plaut, 2000; Raman &
Baluch, 2001; cf. Harm & Seidenberg, 2004; Strain & Herdman,
1999; Strain, Patterson, & Seidenberg, 1995, for the opposite
view). Thus faster word naming might have been associated with
an increased semantic contribution that would have afforded a
greater chance for semantically related AoA effects to appear.
Secondly, and crucially, the words named by the Spanish read-
ers corresponded to object names and were consequently more
concrete and imageable than the words used in both the Italian and
Dutch studies (Barca et al., 2002; Brysbaert, Lange, & Van Wi-
jnendaele, 2000; Burani et al., 2007; Ghyselinck et al., 2004). The
items in the latter studies were, in contrast, selected from different
ranges of concreteness and imageability, thus including concrete
and abstract words. This characteristic of the items used in the
Spanish study is related to the first point—that is, the fast latencies
of participants in the Spanish study—since concrete nouns have
been found to be named faster than more abstract nouns (Pexman,
Lupker, & Hino, 2002). However, the higher imageability of the
items used in the study by Cuetos and Barbón (2006) may have
further implications for word processing and for the possibility that
AoA effects can be manifest in word naming. Highly imageable
words have richer semantic representations and connections and
activate semantic features to a larger extent than lower imageabil-
ity items (Jones, 1985; Plaut & Shallice, 1993). Thus high image-
ability words may induce access to semantics and activate seman-
tic mediation in reading more than abstract/low imageability words
(Buchanan, Westbury, & Burgess, 2001; Pexman et al., 2002).
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1843REVISITING AGE-OF-ACQUISITION EFFECTS IN SPANISH
If AoA effects have a locus, in part, in the semantic system, it
could be the case that for AoA effects to be apparent in word
naming in transparent orthographies, when words are read, de-
tailed visual and semantic representations of their corresponding
concepts must be activated, as they would be for more imageable
items. Less imageable items are argued to elicit less activation of
visuo/perceptual/experiential processing than more imageable
items and are thought, rather, to be represented in an associative
neural network (Crutch & Warrington, 2005). If, for AoA effects
to be found, multimodal semantic connections need to be acti-
vated, AoA effects will be preferentially found when highly im-
ageable items are involved in reading. Consequently, with highly
imageable words that activate visuo/experiential representations to
a greater extent, AoA effects might be expected in word naming,
similarly to what has been found in more explicitly semantic tasks
such as picture naming or semantic categorization. This interesting
possibility warranted a more detailed investigation of the appar-
ently unexpected pattern of AoA and frequency effects in Spanish
visual word recognition for print.
We studied word recognition in four experiments under condi-
tions differing in key respects, comparing immediate word naming
with speeded naming and lexical decision, and comparing AoA
and frequency effects in naming for words selected from a wide
range or from the high end of imageability. The orthogonalization
of AoA and frequency aimed at overcoming the potential confound
between the two variables. In Experiment 1, a fully factorial design
with frequency and AoA as factors was used in immediate word
naming. In this experiment, we tested AoA effects in Spanish
using the same kinds of items as those used by Burani and
colleagues (2007), and by Brysbaert and colleagues (Brysbaert,
Lange, & Van Wijnendaele, 2000; Ghyselinck, Lewis, & Brys-
baert, 2004), in their studies on Italian and Dutch, respectively.
Unlike in Cuetos and Barbón (2006), and similarly to the Italian
and Dutch studies, in Experiment 1 we used sets of words char-
acterized by a wide range of imageability values, and these items
were well matched for other possible influential variables. In
Experiment 2, we examined whether inducing shorter naming
latencies could elicit AoA effects. Gerhand and Barry (1999b)
found that the AoA effect was larger in speeded naming as com-
pared to immediate naming. This speeding of performance could
have given rise to the semantically related part of the AoA effect.
The same items as in Experiment 1 were used but with a speeded
naming procedure. In Experiment 3, the same stimuli as in Exper-
iments 1 and 2 were used in a lexical decision task. The purpose
was to test if AoA effects would be found in a task in which
response arguably relies more on semantic information (Balota &
Chumbley, 1984; Evans, Lambon Ralph, & Woollams, 2012).
Finally, in Experiment 4 the task was also immediate naming with
a fully orthogonal factorial Frequency  AoA design, but a new
set of items was used, in which all the words were in the high-
imageability end of the range, similar to the stimuli used by Cuetos
and Barbón (2006).
The predictions for the four experiments were straightforward.
In Experiment 1 (immediate naming), and in accordance with the results
found in a very similar transparent orthography, Italian (see Burani et
al., 2007), frequency was expected to affect performance in the
word naming of items that were drawn from a wider range of
imageability than those used by Cuetos and Barbón (2006). In
Experiment 2 (speeded naming), as in Experiment 1, frequency
was expected to affect performance and, if the contribution of
semantics is increased by inducing faster responses (Kello & Plaut,
2000), it was predicted that there would be a greater chance for the
semantically related AoA effects to appear. Then, both frequency
and AoA would be expected to affect naming latencies. In Exper-
iment 3, frequency and AoA effects were expected to influence
lexical decision because performance in this task is commonly
assumed to rely on semantic information to distinguish words
(Balota & Chumbley, 1984; Cortese & Schock, 2013; Evans et al.,
2012). Finally, in Experiment 4, if highly imageable items activate
visuo/experiential features to a greater extent than less imageable
items (Crutch, Connell, & Warrington, 2009), thus inducing access
to semantics in reading (Buchanan et al., 2001; Pexman et al.,
2002), then both frequency and AoA were expected to affect word
naming.
Experiment 1: Immediate Naming
In Experiment 1, we selected a set of words with a wider span
of imageability values compared to the object names used in
Cuetos and Barbón (2006). In Italian, a language with a similar
transparent orthography to that of Spanish, Burani et al. (2007)
found that only frequency and not AoA affected word naming
performance when using both high and low imageability stimuli.
The purpose of the current experiment was to study whether AoA
effects in Spanish can still be found when words are sampled from
a wider imageability range. According to the mapping hypothesis
(P. Monaghan & Ellis, 2010; Zevin & Seidenberg, 2002), only
word frequency should reliably affect word naming performance
in a transparent orthography like Spanish because the O-P map-
pings are highly consistent. Words acquired later in life could
benefit from the mappings learned early in life, washing out the
AoA effect. The same result would be seen, according to the
semantic locus account of AoA, to the extent that semantics is not
involved in word naming for the items in this study.
Method
Participants. Twenty-seven students of the University of
Oviedo, Spain, participated in the experiment in exchange for
course credits (mean age  19 years old; SD  3 years; range 
18–34 years old). All of them were native speakers of Spanish and
had normal or corrected-to-normal vision.
Materials. Four sets of 30 items each were created in which
frequency (high and low) and AoA (early and late acquired) varied
orthogonally (see Appendix A for the full list of stimuli used). All
sets were matched for length (in letters and syllables), initial
phoneme characteristics (voicing and manner of articulation), bi-
gram frequency (in tokens and types), imageability, familiarity,
and orthographic neighborhood (n-size). Words were from four to
10 letters and from two to four syllables long.
Table 1 shows the characteristics of the items used in Experi-
ment 1. N-size and bigram frequency values were taken from the
B-Pal program (Davis & Perea, 2005). Adult word frequency and
imageability data were obtained from the Léxico Informatizado del
Español (LEXESP) database (Sebastián, Martí, Carreiras, & Cue-
tos, 2000). For some items in which imageability ratings were not
available, new ratings were collected following the same proce-
dure as in the LEXESP database. A sample of students from the
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University of Oviedo was asked to judge the degree of difficulty
they had in eliciting the image of the object represented by the
word by means of a 7-point scale in which 1 indicated scarcely
imageable and 7 indicated highly imageable (Cuetos & Barbón,
2006). Age of acquisition ratings were collected using the same
procedure as in Cuetos and Barbón (2006), and the students were
asked to estimate the age at which they believed they had learned
each word with a 7-point scale. Each point in the scale represented
a 2-year period in the life of the participants (i.e., 1  first two
years; 7  13 years old and after).
Procedure. Participants were asked to read aloud as quickly
and as accurately as possible the words that appeared on the
screen, one at a time. Reaction times (RTs) from word onset to
vocalization onset were recorded. Stimulus presentation, RTs, and
vocal responses were recorded by means of the DMDX software
(Forster & Forster, 2003). Each trial started with a blank screen
that lasted for 400 ms. After that, a fixation point () appeared on
the center of the screen and remained for 400 ms. Then, the word
in lower case appeared on the center of the screen and remained
there for a maximum of 1,500 ms. A practice session with 10
words preceded the 120 experimental items, that were presented in
two blocks of 60 items each. Order of presentation of the words
was randomized within each block. Also, block order was random-
ized. All RTs were extracted from recorded responses using the
CheckVocal program (Protopapas, 2007).
Results
RTs less than 200 ms or greater than 1,000 ms, as well as
mispronunciations, were removed and excluded from analysis
(this resulted in 2.19% of the total data being excluded). The
mean naming latencies of correct responses in the experimental
sets, together with standard errors, as well as the proportions of
responses that were incorrect (% errors), calculated by-
participants, are shown in Table 2. In the present and the
following three experiments, only those effects that can be
generalized to both subjects and items, that is to say, effects
significant by participants (F1) and items (F2), are considered to
be significant.
Two-way analyses of variance (ANOVAs) were carried out with
word frequency (high and low) and age of acquisition (early and
late) as factors, both by participants (F1) and items (F2) on laten-
cies (in ms). In the present and in the other two word naming
experiments the very low error rates were not submitted to analysis
of variance. The ANOVAs on RTs showed a main effect of word
frequency, F1 (1, 26)  17.17, MSE  295.40, p  .001; F2 1,
116)  7.25, MSE  817.59, p  .05. Age of acquisition was
significant by subjects only, F1 (1, 26)  6.80, MSE  208.64,
p  .05; F2 (1, 116)  2.10, MSE  817.59, p  .10. The
interaction Frequency  Age of Acquisition was not significant
(both Fs  .1).
Table 1
Means and Standard Deviations of the Items Used in Experiments 1–3
High frequency Low frequency
Item variable Early acquired Late acquired Early acquired Late acquired
Word frequency
M 89.22 80.49 6.40 6.57
SD 35.33 46.04 2.63 3.12
Age of acquisition
M 3.35 4.94 3.27 5.08
SD 0.55 0.37 0.47 0.46
Imageability
M 4.82 4.54 4.87 4.85
SD 1.11 0.79 0.92 0.90
Familiarity
M 5.55 5.52 5.28 5.31
SD 0.64 0.68 0.81 0.54
N-size
M 1.56 2.03 1.56 1.93
SD 1.99 3.60 1.85 3.41
Log token bigram frequency
M 2.76 2.74 2.59 2.67
SD 0.20 0.20 0.43 0.36
Log type bigram frequency
M 1.65 1.69 1.64 1.57
SD 0.24 0.29 0.36 0.34
Length in letters
M 6.26 6.7 6.56 6.2
SD 1.41 1.46 1.63 1.71
Length in syllables
M 2.73 2.93 2.76 2.7
SD 0.73 0.58 0.77 0.70
Note. Word frequency is on 1 million tokens and was taken from the LEXESP database (Sebastián et al., 2000).
Age of acquisition, imageability, and familiarity are given as 7-point subjective ratings. N-size, length in letters,
and length in syllables are reported as absolute values. Log token bigram frequency and log type bigram
frequency are calculated in base 10. LEXESP  Léxico Informatizado del Español database; n-size 
neighborhood size.
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Discussion
The results of Experiment 1 showed that when using a wider
range of imageability (as compared to Cuetos & Barbón, 2006),
only word frequency affected word naming in Spanish (with AoA
being significant only by participants). It seems that widening the
range of stimulus imageability, presenting both object names (be-
longing to the higher end of imageability) and abstract words
(belonging to the lower end of imageability), ensures that word
naming is affected only by word frequency. These results are in
accordance with the predictions for reading in transparent orthog-
raphies that can be derived both from the account assuming a
semantic locus for AoA and from the arbitrary mapping hypoth-
esis.
The effects of AoA so far seem to be limited to highly image-
able object names in a task such as word naming (Cuetos &
Barbón, 2006). The characteristics of the items used by Cuetos and
Barbón (2006), their capacity to evoke mental images or their
concreteness, could be responsible for the AoA effects found in
their Spanish word naming experiment. Highly imageable items
may involve semantics to a greater extent than other types of items
(Crutch et al., 2009), thus allowing the semantically related AoA
effect to appear. This hypothesis will be explored in Experiment 4
by means of using highly imageable items for word naming.
Nevertheless, another possibility needs to be ruled out before
pursuing an explanation in terms of the characteristics of the items.
It has been pointed out that, by increasing reading speed, AoA
effects might be amplified (Gerhand & Barry, 1999b). This hy-
pothesis will be tested in the following experiment.
Experiment 2: Speeded Naming
In the present experiment, we used the same items as in Exper-
iment 1, but we manipulated the deadline by which participants
were required to start the onset of the vocalization, with the
intention of inducing participants to speed the processes involved
in word naming. The purpose of the experiment was to study
whether AoA effects in Spanish can be found when words are read
in a speeded fashion.
Gerhand and Barry (1999b) argued that the locus for the AoA
effect was at the phonological output level. That is why they
used a procedure to speed subjects’ responses because they
argued speeding responses would induce a larger impact on the
phonological output lexicon, and thus the AoA effect would
increase. Consistent with this view, Gerhand and Barry (1999b)
found that the AoA effect was larger in speeded than in imme-
diate word naming in English. However, in a later set of studies,
Ghyselinck et al. (2004) failed to find an increase in the AoA
effect in a comparison of immediate and speeded naming in
Dutch. Ghyselinck et al. (2004) interpreted these results as
evidence against the phonological locus hypothesis for the AoA
effects.
Irrespective of the contrast between the two sets of results, there
is another way of looking at the potential association between
speeded naming and possibly greater AoA effects that comes from
computational simulations. Kello and Plaut (2000), in their con-
nectionist simulations of strategic control in reading, claimed that
according to the characteristics of the experimental list a strategic
control could be exerted through an input gain mechanism that
changes the sensitivity of a unit to inputs from other units. If the
sensitivity of a unit could be increased, thus accelerating response
onset, a smaller input would be necessary to produce the output.
This input gain would emphasize the contribution of semantics
(Kello & Plaut, 2000) and might bring up the semantically related
AoA effects.
Irrespective of the theoretical frames presented here, predictions
for the present experiment are the same. If shorter latencies might
bring an AoA effect in a transparent orthography similarly to the
English orthography, whether because speeded reading increases
reliance on the phonological output lexicon or because it increases
reliance on orthography-to-semantics (O-S) mappings, the use of a
technique that speeds up naming would make AoA effects more
likely to appear even with a set of items with a wide range of
imageability, as the one used in Experiment 1. Thus, both fre-
quency and AoA are expected to affect performance in speeded
word naming.
Method
Participants. Thirty-five students from the University of
Oviedo participated in this experiment in exchange for course
credits (mean age  18 years old; SD  1.5 years; range  17–23
years old). All of them were native speakers of Spanish and had
normal or corrected-to-normal vision. None of them had partici-
pated in the previous experiment.
Materials and procedure. Words and general procedure were
the same as in Experiment 1 (see Table 1 and Appendix A for the
list of items used), except that participants were told that words
would disappear fast from the screen and were encouraged to name
them before they disappeared (Gerhand & Barry, 1999b; Ghy-
selinck et al., 2004). Each trial started with a blank screen that
lasted for 400 ms. After that, a fixation point () appeared on the
Table 2
Mean Latencies in ms (M), Mean Standard Error (MSE), and Percentage of Errors (%E) as a
Function of Frequency (High and Low) and AoA (Early and Late Acquired) in Experiment 1
(Immediate Naming)
High frequency Low frequency
Descriptive Early acquired Late acquired Early acquired Late acquired
M 492 499 506 513
MSE 13.3 13.8 12.9 14.4
%E 0.74 0.2 0.4 1.6
Note. AoA  age of acquistion.
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center of the screen and remained for 400 ms. Then, the word
appeared on the center of the screen and remained there for 400
ms. Practice session was the same as in Experiment 1, block order
was counterbalanced, and order of presentation of the items was
randomized.
Results
Data were excluded prior to analysis following the same proce-
dure as in Experiment 1. This resulted in 3.3% of the total data
being excluded from analysis. The mean naming latencies of
correct responses in the experimental sets, their mean standard
errors, and errors (in percentage), calculated by-participants, are
shown in Table 3.
The ANOVAs on RTs showed a main effect of word frequency,
F1 (1, 34) 28.85, MSE 143.05, p .001; F2 (1, 116) 10.09,
MSE  438.61, p  .001, but no significant effect of AoA, F1 (1,
34)  3.33, MSE  83.44, p  .05; F2  .1, and no Frequency 
AoA interaction, F1 (1, 34)  2.61, MSE  88.60, p  .10;
F2  .1.
The RTs from the current speeded naming experiment were
compared with those of Experiment 1 by means of a t test with
experiment (immediate vs. speeded) as independent samples by
participants (t1) and as paired samples by items (t2). Naming times
were 76 ms faster in speeded (mean RTs  427 ms) than in
immediate naming (mean RTs  503 ms), and this difference
reached significance both by participants and items, t1(60)  5.56,
p  .001; t2(119)  32.18, p  .001.
Discussion
Even though the speeded naming procedure used in Experiment
2 reduced naming times significantly, the results in the current
experiment replicated the general pattern of Experiment 1. That is
to say, frequency but not AoA affected word naming performance.
These results are in line with those found by Ghyselinck et al.
(2004) for another transparent orthography, Dutch, and indicate
that speeding pronunciation onset does not induce AoA effects in
word naming in Spanish.
However, it could be argued that the specific items selected for
the present experiments are, for reasons unknown, not suitable for
revealing AoA effects in comparison to the items selected for the
Cuetos and Barbón (2006) experiment. That is why in the follow-
ing experiment we tested with a different task (i.e., lexical deci-
sion) the influence of frequency and AoA in Spanish word recog-
nition.
Experiment 3: Lexical Decision
So far, in the first two studies employing the word naming task,
which taps both orthographic and phonological information, no
reliable effects of AoA have been found. In the present experi-
ment, we used the same words as in Experiments 1 and 2, but we
varied the task, asking participants to perform lexical decisions
instead of word naming. It is well established that lexical decision
tasks may especially involve semantic information when words
must be distinguished from very wordlike nonwords (Balota &
Chumbley, 1984; Evans et al., 2012; Gerhand & Barry, 1999a;
Menenti & Burani, 2007). Thus, in the present study we required
participants to distinguish words from wordlike nonwords to max-
imize the involvement of semantic processing in the preparation of
lexical decisions. We predicted that if the locus of AoA is seman-
tic, a reading task that more heavily involves semantics, such as
lexical decision, would be able to elicit AoA effects together with
a main effect of frequency (see, e.g., Bonin, Chalard, Méot, &
Fayol, 2001; Burani et al., 2007; Cortese & Khanna, 2007; Me-
nenti & Burani, 2007).
Method
Participants. Twenty-six students of the University of
Oviedo, Spain, participated in the experiment in exchange for
course credits (mean age  19 years old; SD  2 years; range 
18–23 years old). All of them were native speakers of Spanish and
had normal or corrected-to-normal vision. None of the students
had participated in the previous experiments.
Materials. The words used in this experiment were the same
as in Experiment 1 (see Table 1 and Appendix A for details on the
stimuli used). One hundred and twenty nonwords were added to
the 120 experimental words. Nonwords were created by changing
one or two letters from real Spanish words. These changes were
done in 40 stimuli by changing letters in the initial positions, in 40
nonwords by changing letters in the middle positions, and for the
remaining 40 stimuli by changing letters in the final positions. All
the nonwords constituted legal letter strings in Spanish. To render
the nonwords more wordlike and thus induce deeper semantic
processing, they were matched to words on bigram frequency
(both token and type) for the entire strings. Bigram frequencies
were calculated using the B-Pal program (Davis & Perea, 2005).
Nonwords were also matched with words in terms of the number
of items with orthographic accent marks.
Procedure. Participants were asked to decide whether the
stimulus presented on the screen was a word or not by pressing one
Table 3
Mean Latencies in ms (M), Mean Standard Error (MSE), and Percentage of Errors (%E) as a
Function of Frequency (High and Low) and AoA (Early and Late Acquired) in Experiment 2
(Speeded Naming)
High frequency Low frequency
Descriptive Early acquired Late acquired Early acquired Late acquired
M 419 425 433 433
MSE 5.8 5.7 6.4 6.6
%E 2.2 2.9 2.3 5.6
Note. AoA  age of acquistion.
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of two keys. They had to press “m” if they knew the word or “z”
if they did not know it. The two keys were labeled with “sí” [yes]
and “no,” respectively. Reaction times from word onset to key
pressing were recorded. Stimulus presentation and RTs recordings
were done by means of DMDX (Forster & Forster, 2003). Each
trial started with a blank screen that lasted for 1,000 ms and was
followed by a fixation point () that appeared on the center of the
screen and remained for 400 ms. After the fixation point, the
stimulus appeared on the center of the screen and remained there
for a maximum of 1,500 ms. A practice session with 20 items (10
words and 10 nonwords) preceded the 240 experimental items,
which were presented in four blocks of 60 items each (30 words
and 30 nonwords). Order of presentation of the words was ran-
domized within each block. Also, block order was randomized.
Results
Only responses to words were analyzed. There were no missing
data due to failures to respond within the 1,500 ms, and the
performance of none of the participants could be considered to be
an outlier. From a total of 3,120 data points, 187 errors (less than
6% of the total) were excluded from analyses. Two-way ANOVAs
were carried out on the latencies (in ms) and errors (in percentage).
The mean RTs of correct responses in the experimental sets,
together with standard errors, as well as percentage errors, calcu-
lated by-participants, are shown in Table 4.
The ANOVAs on RTs showed a main effect of word frequency, F1
(1, 25)  136.38, MSE  631.86, p  .001; F2 (1, 116)  57.99,
MSE  1,831.16, p  .001, and of age of acquisition, F1 (1, 25) 
66.02, MSE  375.13, p  .001; F2 (1, 116)  16.81, MSE 
1,831.16, p .001. The interaction Frequency Age of Acquisition
was also significant, F1 (1, 25) 28.56, MSE 223.91, p .001; F2
(1, 116)  4.41, MSE  1,831.16, p  .05. Simple effects analyses
showed that the effect of age of acquisition was larger for low
frequency words (early vs. late effect  47 ms), F1 (1, 25)  83.74,
MSE  336.35, p  .001, 2  .77; F2 (1, 58)  12.09, MSE 
2,913.17, p  .001, as compared to high frequency words (early vs.
late effect  15 ms), F1 (1, 25)  11.40, MSE  262.69, p  .001,
2  .31; F2 (1, 58)  4.88, MSE  749.15, p  .05.
The error rates in this task enabled the analysis on errors. In such
analysis, the effect of word frequency was significant, F1 (1, 25)
38.33, MSE  34.34, p  .001; F2 (1, 116)  8.42, MSE  54.45,
p  .01, as well as the effect of age of acquisition, F1 (1, 25) 
11.61, MSE  34.21, p  .01; F2 (1, 116)  27.88, MSE  54.45,
p  .01. The interaction word Frequency  AoA was also signif-
icant, F1 (1, 25)  7.69, MSE  28.12, p  .05; F2 (1, 116) 
4.58, MSE  54.45, p  .05. Simple effects analysis showed that
the effect of AoA was significant only for the low frequency words
(early vs. late difference 6.80%), F1(1, 25) 11.11, MSE 54,
p  .001, 2  .31; F2(1, 58)  21.28, MSE  70,47, p  .001,
but only by items for the high frequency words (early vs. late
difference  1.02%(, F1(1, 25)  1.64, MSE  8.34, p  .10;
F2(1, 58)  6.98, MSE  38.43, p  .05.
Discussion
In a task such as lexical decision, which involves not only
orthographic and phonological information but also semantics, we
found that both frequency and AoA affected performance. Criti-
cally, these results demonstrate that the AoA effect influences
visual word recognition performance for the same items if the task
is varied to involve semantics.
Interestingly, and consistent with the results found in French,
Italian, and English lexical decision (Bonin et al., 2001; Burani
et al., 2007; Cortese & Schock, 2013; Gerhand & Barry, 1999a),
we also found that AoA interacted with frequency. Low-
frequency words were more subject to AoA effects than high-
frequency words. If we consider that AoA effects may arise due
to the contribution of O-S or semantics-to-phonology (S-P)
mappings (Cuetos, Barbón, Urrutia, & Domínguez, 2009; Izura
et al., 2011), AoA effects are to be expected when a task (like
lexical decision) involves such mappings. Additionally, the
interaction between frequency and AoA can be explained by
assuming variation in the timing of the availability of informa-
tion required to make lexical decisions. The orthographic rep-
resentations for high frequency words may be activated before
any other type of information (i.e., phonological or semantic),
and the orthographic familiarity of the stimulus may be enough
to make a response to such words (Balota & Chumbley, 1984;
Burani et al., 2007; Gerhand & Barry, 1999a; Plaut, 1997).
Conversely, the orthographic activation for low frequency
words would be expected to be slower than for high frequency
ones. Thus, to reliably make lexical decisions on low frequency
words, orthographic familiarity is insufficient, and the contri-
bution of semantics and phonology may be more critical than
for high frequency items. An alternative explanation for the
larger effect of AoA for low frequency words would be that the
longer RTs for low frequency words would allow more time for
semantics to have an influence on the processing of such words
(Cortese & Schock, 2013; Strain et al., 1995; Strain & Herd-
man, 1999), and consequently, AoA effects would appear. Both
explanations predict larger AoA effects for low frequency
Table 4
Mean Latencies in ms (M), Mean Standard Error (MSE), and Percentage of Errors (%E) as a
Function of Frequency (High and Low) and AoA (Early and Late Acquired) in Experiment 3
(Lexical Decision)
High frequency Low frequency
Descriptive Early acquired Late acquired Early acquired Late acquired
M 523 538 564 611
MSE 10.6 9.7 8.9 11.7
%E 1.9 2.9 6.2 12.9
Note. AoA  age of acquistion.
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words. This is precisely the pattern of results found in Exper-
iment 3. The effect of AoA was larger for low frequency words
as compared to high frequency ones.
In sum, it seems that it is indeed semantic involvement, or the O-S
mappings, that is the key to eliciting AoA effects. We already know
from Experiments 1and 2 that naming latencies in items with a wide
range of imageability are not affected by AoA. In order to test the
hypothesis that high item imageability might induce AoA effects, we
completed another word naming task in which words were sampled
from the higher range of imageability, similar to the words used by
Cuetos and Barbón (2006).
Experiment 4: Naming With Highly Imageable Words
The results of Experiment 3 indicate that AoA effects may have
a locus at the level of semantic processing or O-S mappings. Thus,
it seems that when semantics is activated, AoA effects emerge. It
has been noted that an AoA effect on reading in Spanish has
previously been reported only by Cuetos and Barbón (2006), in
which the experimental stimuli consisted only of highly imageable
items. It can be hypothesized that asking participants to name highly
imageable words will reveal an AoA effect because the richer seman-
tic representations connected to highly imageable words would
activate semantic features (or would cause the reader to rely on
O-S mappings) to a larger extent than low imageability or abstract
words (Pexman, Hargreaves, Edwards, Henry, & Goodyear, 2007;
Pexman, Hargreaves, Siakaluk, Bodner, & Pope, 2008). The ques-
tion addressed in the current experiment is whether highly image-
able items can activate semantics and thus reveal an AoA effect
even in word naming.
Similar to Cuetos and Barbón (2006), in the current experiment
we presented only highly imageable items for naming. As in
Experiments 1–3, we again varied AoA and frequency factorially.
If highly imageable items (with richer semantic connections) ac-
tivate semantic mediation (or O-S mappings) to a larger extent
than lower imageable items, AoA could be expected to affect word
naming as in the Cuetos and Barbón (2006) study.
Method
Participants. Thirty-three students from the University of
Oviedo, Spain, participated in the experiment in exchange for
course credits. Their mean age was 20 years old (SD  5; range 
17–46 years). All of them were native speakers of Spanish and had
normal or corrected-to-normal vision. None of the students partic-
ipated in the previous experiments.
Materials. Four sets of 20 nouns each, varying orthogonally
on word frequency (high and low) and age of acquisition (early
and late acquired) with imageability ratings superior to 4.84 (in a
7-point scale) were selected (see Appendix B for the full list of
words). The words were 2 to 4 syllables long and from 4 to 9
letters long. The four sets were matched for length (in letters and
syllables), initial phoneme characteristics, n-size, bigram fre-
quency (both in token and in types), and imageability. Familiarity
could not be matched across sets, and it was allowed to covary.
Variables’ values and ratings were taken from the same sources
and with the same procedures as in Experiments 1–3. Table 5
shows the characteristics (mean and standard deviations) of the
items used in Experiment 4.
Procedure. The procedure and trial characteristics and duration
were the same as in Experiment 1. A practice session with 10 words
preceded the 80 experimental items that were presented in two blocks
of 40 items each. Order of presentation of the words was randomized
within each block. Also, block order was randomized.
Results
Following the same procedure as in the previous experiments
resulted in 2.5% of the total data being removed and excluded from
analysis. The mean naming latencies of correct responses in the
experimental sets, their mean standard errors, and errors (in per-
centage), calculated by participants, are shown in Table 6.
Two-way ANOVAs were carried out on latencies only, and
familiarity was entered as a covariate to control for its possible
effects on word naming in the by items analysis. The ANOVAs on
RTs showed a main effect of word frequency, F1 (1, 32)  49.02,
MSE  217.51, p  .001; F2 (1, 75)  4.73, MSE  398.48, p 
.05, and a main effect of age of acquisition, F1 (1, 32)  29.70,
MSE  226.19, p  .001; F2 (1, 75)  6.45, MSE  398.48, p 
.05. The interaction Frequency  Age of Acquisition was not
significant, F1 (1, 32)  1.94, MSE  115.87, p  .10; F2  .1.
The effect of familiarity was significant in the by-items analysis,
F2 (1, 75)  11.83, MSE  4,712.36, p  .01.
Additionally, Experiments 1 and 4 were compared by means of
a three-way ANOVA with experiment (1 and 4), in addition to
frequency and AoA, as between subjects factor by participants and
items (F1 and F2, respectively). We conducted the analysis on RTs
only. Since items were not matched by familiarity in Experiment
4, familiarity was entered as a covariate in the by items analysis to
control for its possible effects. The effect of experiment was
significant only by items but not by participants, F1 (1, 58) 1.52,
MSE  29,077.47, p  .20; F2 (1, 191)  40.06, MSE 
25,620.31, p  .01. The effect of frequency reached significance
both by participants and items, F1 (1, 58)  59.05, MSE 
14,905.32, p  .001; F2 (1, 191)  9.59, MSE  6,134.11, p 
.01, as well as the effect of AoA, F1 (1, 58)  31.49, MSE 
6,875.56, p .001; F2 (1, 191) 7.25, MSE 4,640.24, p .01.
None of the interactions, including Experiment  AoA, reached
significance, either by participants or by items (all ps  .05). The
effect of familiarity entered as covariate in the by-items analysis
was significant, F2 (1, 191)  11.39, MSE  7,287.89, p  .01.
The same analysis was conducted without familiarity as covariate
and the pattern remained unchanged.
Discussion
In the current experiment we tested the hypothesis that item
characteristics might induce larger involvement of semantics (or
O-S mappings) by using highly imageable words. Items were more
imageable than the words presented in Experiments 1–3 and were
similar in mean and spread of imageability values to those used by
Cuetos and Barbón (2006). The result of presenting these highly
imageable words was that AoA effects were found together with
frequency effects in word naming. The observation of an AoA
effect is in line with that reported by Cuetos and Barbón (2006),
except for the effect of frequency that was not significant in their
results.
The fact that semantically rich words like concrete nouns are
processed differently compared to abstract nouns has already been
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described in previous reports on adult visual word recognition.
Pexman and colleagues (Pexman et al., 2007, 2008, 2002) found
that semantically richer words (i.e., with a high number of seman-
tic features or associates, or a larger semantic neighborhood) were
processed faster than words with poorer semantics not only in
lexical decision and semantic categorization but also in word
naming, even when controlling for other critical psycholinguistic
variables. Similarly, Crutch et al. (2009) argued that concrete
words have differential semantics as compared to abstract ones
and, therefore, are processed differentially. This differential pro-
cessing could have involved semantics to a greater degree and, as
a consequence, allowed the semantically related part of the AoA to
affect word naming performance.
Interestingly, when both naming experiments (Experiments 1
and 4) were compared together, the effect of AoA reached signif-
icance. Since the Experiment by AoA interaction (or any other
interaction) did not reach significance, it suggests that participants
of both experiments were processing the stimuli in a similar
fashion. Thus the characteristics of the items used in Experiment 4
seem to explain, at least partially, why a reliable AoA effect was
found in Experiment 4 and in the joint analysis of Experiments 1
and 4. We further discuss the implications of these findings for a
Table 5
Means and Standard Deviations of the Items Used in Experiment 4
High frequency Low frequency
Item variable Early acquired Late acquired Early acquired Late acquired
Word frequency
M 76.70 77.06 6.80 6.51
SD 54.36 41.16 4.05 3.60
Age of acquisition
M 2.78 4.74 2.79 4.74
SD 0.61 0.57 0.62 0.53
Imageability
M 5.74 5.53 5.54 5.56
SD 0.34 0.50 0.52 0.49
Familiarity
M 5.94 5.62 5.13 4.84
SD 0.63 0.64 1.12 1.13
N-size
M 2.40 2.40 2.95 1.65
SD 2.83 4.01 4.21 3.23
Log token bigram frequency
M 2.81 2.69 2.75 2.56
SD 0.25 0.23 0.41 0.37
Log type bigram frequency
M 1.60 1.61 1.65 1.58
SD 0.23 0.27 0.27 0.32
Length in letters
M 5.85 6.55 6.20 6.05
SD 1.30 1.70 1.39 1.31
Length in syllables
M 2.55 2.85 2.80 2.80
SD 0.82 0.74 0.69 0.69
Note. Word frequency is on 1 million tokens and was taken from the LEXESP database (Sebastián et al., 2000).
Age of acquisition, imageability, and familiarity are given as 7-point subjective ratings. N-size, length in letters,
and length in syllables are reported as absolute values. Log token bigram frequency and log type bigram
frequency are calculated in base 10. LEXESP  Léxico Informatizado del Español database; N-size 
neighborhood size.
Table 6
Mean Latencies in ms (M), Mean Standard Error (MSE), and Percentage of Errors (%E) as a
Function of Frequency (High and Low) and AoA (Early and Late Acquired) in Experiment 4
(Immediate Naming With Highly Imageable Nouns)
High frequency Low frequency
Descriptive Early acquired Late acquired Early acquired Late acquired
M 466 477 481 498
MSE 11.6 11.4 12.1 13.4
%E 2.4 1.5 2.0 4.2
Note. AoA  age of acquistion.
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semantic explanation of the AoA effects in the General discussion
section.
General Discussion
Word frequency and AoA are intercorrelated variables that have
been reported to affect word processing in different languages and
in a variety of tasks. The fact that words frequently encountered in
life are processed faster and more accurately than words encoun-
tered fewer times in life has been well established in psycholin-
guistics. In the Dual Route Cascaded (DRC) model (Coltheart,
Rastle, Perry, Langdon, & Ziegler, 2001) frequency influences
performance because the baseline level of activation of word
representations are determined by their frequency such that higher
frequency words have higher levels of baseline activation and are
thus more accessible. In a connectionist model (Plaut et al., 1996;
Zevin & Seidenberg, 2002) frequency effects emerge as a result of
the effect of training on the strength of sublexical O-P connections.
The observation that earlier acquired words are processed faster
and with fewer errors than words acquired later in life has been
reported in numerous studies (Johnston & Barry, 2006; Juhasz,
2005). The AoA effect has been argued to arise from two sources
of variance: a lexically related source and a semantically related
source (Bates et al., 2001; Brysbaert & Ghyselinck, 2006; Cuetos
et al., 2009). In connectionist models, the AoA effect has been
explained to result from the distribution of experience over time
and the impact that that experience can have as learning networks
become less plastic. Early acquired words set the pattern of con-
nections so that later presented words should accommodate into
the already created pattern. The network loses plasticity, in terms
of the extent to which connections can be modified by experience,
as training progresses (Ellis & Lambon Ralph, 2000; Lambon
Ralph & Ehsan, 2006; J. Monaghan & Ellis, 2002; P. Monaghan &
Ellis, 2010). In this framework, the AoA effect is modulated by the
nature of the mappings between input and output (P. Monaghan &
Ellis, 2010; Zevin & Seidenberg, 2002): The more arbitrary the
mappings are, the larger the AoA effect, and vice versa, because
arbitrary mappings must be learned by rote while more predictable
mappings allow generalization of learning. This mapping hypoth-
esis can explain the task-dependent AoA effect where larger AoA
effects appear in tasks involving S-P mappings, as in picture
naming, and O-S mappings, as in semantic categorization and
visual lexical decision. It can also explain the item-dependent AoA
effect where larger AoA effects are when words with inconsistent
O-P mappings are presented.
The mapping hypothesis predicts that in transparent orthogra-
phies (with highly consistent O–P mappings) little or no AoA
effects are to be found, whereas the word frequency effect should
still be present (Zevin & Seidenberg, 2002). Accordingly, in Italian
and Dutch only frequency affected word naming (but see Wilson, Ellis, &
Burani, 2012, for an effect of AoA with irregularly stressed words in
Italian), whereas both frequency and AoA affected lexical decision
(Barca et al., 2002; Brysbaert, Lange, & Van Wijnendaele, 2000;
Burani et al., 2007; Ghyselinck et al., 2004; Menenti & Burani,
2007). Contrary to the mapping hypothesis, in Spanish word
naming, AoA affected performance, but there was no reliable
effect of frequency (Cuetos & Barbón, 2006).
The aim of the present study was to further investigate whether
(and, if so, under which conditions) AoA and frequency affected
performance in Spanish visual word recognition. To pursue this
goal, we carried out four experiments involving fully factorial
manipulation of item frequency and AoA. In the first two word
naming experiments—immediate naming in Experiment 1 and
speeded naming in Experiment 2—frequency but not AoA (with
AoA being significant only by participants in Experiment 1) af-
fected performance. In the lexical decision task (Experiment 3)
both frequency and AoA affected decision latencies. In Experi-
ment 4 (immediate word naming), and as in Cuetos and Barbón
(2006), only highly imageable items were used and, under such
conditions, both frequency and AoA affected performance.
Overall, the results found in these experiments are in line with
the predictions that can be derived from both the semantic-locus
and the mapping hypothesis (P. Monaghan & Ellis, 2010; Zevin &
Seidenberg, 2002). In a transparent orthography like Spanish,
where O–P mappings are highly consistent, only frequency affects
word naming (Experiments 1 and 2; see also Burani et al., 2007,
for similar findings on Italian reading aloud). However, an AoA
effect was found, for the same items, if the task was lexical
decision (see also Burani et al., 2007, for Italian), a task that is
known to involve semantics (Balota & Chumbley, 1984; Evans et
al., 2012) to a considerably greater extent than word naming.
Nevertheless, AoA did affect word naming if participants were
presented with highly imageable words rather than a mix of high
and low imageability items. Together, the results indicate a se-
mantic (or in the O-S mappings) locus for AoA effects.
The results found here for naming (particularly those of Exper-
iments 1 and 4) seem to be inconsistent with those found by
Cortese and Schock (2013). Cortese and Schock (2013) analyzed
data from 1,936 two-syllable English words with a regression
design and found that both imageability and AoA affected reading
aloud RTs and accuracy (but see Cortese & Khanna, 2007, for a
null effect of imageability for single-syllable words once AoA was
entered in the regression analysis). When analyzing the imageabil-
ity by AoA interaction Cortese and Schock (2013) found that the
effect of AoA was larger for low imageability words. Conversely,
in the present investigation, we found that AoA reliably affected
reading performance when using highly imageable words.
There are at least two possible explanations for this apparent
difference. First, the approach used in both studies was different.
In the present study, we used a factorial design in which image-
ability was controlled among conditions and words were chosen to
orthogonally fit one of four groups of AoA and frequency. Cortese
and Schock (2013) used a regression design in which all the
variables, including imageability and AoA, were allowed to vary.
This difference limits the possible comparisons between both
studies. Even though we claim that factorial designs are appropri-
ate to answer questions relative to highly correlated variables, such
as frequency and AoA (or AoA and imageability, for that matter,
though not the focus of the present study), we acknowledge that
this limited the effect of a possible interaction between imageabil-
ity and AoA, as the one found by Cortese and Schock.
A second explanation is that AoA effects in a language like
Spanish with a transparent orthography are more dependent on the
characteristics of the stimuli, particularly the semantic properties
of the stimuli. Since, in Spanish, O-P mappings are highly consis-
tent, small or no AoA effects are to be expected. Thus, AoA might
not be found under the same conditions in Spanish as in other more
opaque languages, such as English. However, certain semantic
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characteristics of the stimuli might enhance the possibility of
finding an AoA effect. Support for this idea comes from the fact
that, so far, the effects of AoA have only been found in Spanish
with highly imageable items (Cuetos & Barbón, 2006), as well as
from the joint analysis of Experiments 1 and 4. The effect of AoA
in Experiment 1 was significant by participants only. However, the
addition to a joint analysis of the data corresponding to the im-
ageable items from Experiment 4 revealed the presence of a
semantic effect. Critically, the experiment by AoA interaction did
not reach significance. This suggests that the processing evoked by
the different stimuli in the two experiments was not categorically
different. Rather, semantic involvement, reflected in the observa-
tion of the AoA effect, is a matter of degree that seems to depend,
in part, on the semantic properties of the stimuli.
Nevertheless, how can we reconcile our account with the fact
that Cortese and Schock (2013) found larger AoA effects for less
imageable words? We already know that low imageability words
are more difficult to process than highly imageable words (Balota,
Cortese, Sergent-Marshall, Spieler, & Yap, 2004; Cortese &
Schock, 2013; Strain & Herdman, 1999; Strain et al., 1995; Strain,
Patterson, & Seidenberg, 2002). Additionally, it has been well
described in previous research that late acquired words are more
difficult to process than early acquired ones (Brysbaert & Ghy-
selinck, 2006; Ellis et al., 2006; Ellis & Lambon Ralph, 2000;
Ghyselinck et al., 2004; Wilson, Ellis, & Burani, 2012). According
to Cortese and Schock the slower processing of a more difficult
(with weaker O-P connections) late acquired word would allow a
semantic variable such as imageability to affect word naming to a
larger extent. Our results here show the opposite pattern for Span-
ish. When easier, highly imageable, words (with stronger O-P and
O-S connections) are encountered, they are processed faster than
late acquired words and yet affected by AoA. From our present
study and from that of Cuetos and Barbón (2006) we know that in
Spanish AoA affects performance when stimuli are highly image-
able. From the study conducted by Cortese and Schock (2013), we
know that in English AoA affects highly imageable words, but it
affects low imageable words to a greater degree. It could well be
the case that AoA does not uniformly affect performance across
the entire range of imageability and that AoA effects depend on the
consistency of O-P mappings in a language. A new experiment in
Spanish similar to Experiment 4 presented here but with words in
the lower end of imageability should be conducted to see whether
AoA also affects low imageable items in Spanish and whether this
effect is larger than the one found here.
In sum, the present experiments support the hypothesis that one
possible locus for AoA effects comes from the semantic informa-
tion involved in the processing of different types of items (Brys-
baert & Ghyselinck, 2006; Burani et al., 2007; Cuetos et al., 2009;
Ellis et al., 2006; Steyvers & Tenenbaum, 2005). However, why
would highly imageable words induce a more semantically medi-
ated processing for reading as compared to less imageable ones?
The two types of words have differential properties. Highly im-
ageable words (e.g., dog) mostly refer to object names and have a
direct sensory referent, while less imageable nouns (e.g., loyalty)
lack such referents (Paivio, 1986). Clearly, this difference has
implications for their mode of acquisition since the mode of
acquisition of a concept is related to the nature (i.e., sensorial or
linguistic-abstract attributes) of its referents (Ellis et al., 2006;
Wauters, Tellings, van Bon, & Wouter van Haaften, 2003). Highly
imageable or concrete words tend to be learned perceptually,
through direct interactive sensorial experience (for instance, one
can see, touch and hear that “a dog has four legs and barks”).
Conversely, the mode of acquisition of abstract words is more
linguistically mediated (e.g., one may know that “a dog is loyal to
its master” without ever having had a dog; Della Rosa, Catricala`,
Vigliocco, & Cappa, 2010; Ellis et al., 2006; Wauters et al., 2003).
Thus the “semantic primitives” of the concepts corresponding to
highly imageable words are built upon the sensory/motor pro-
cesses engaged during our earliest experiences with their referents,
and this semantic knowledge can support word learning, word
retrieval, and lexical-semantic rehabilitation across the lifespan
(Antonucci & Alt, 2011). In general, instances of highly imageable
words tend to be associated with the context and circumstances in
which the word has been experienced (Pexman et al., 2008). It has
been argued that the underlying traces may influence what is
retained in lexical-semantic knowledge and thus affect word rec-
ognition (Wagenmakers et al., 2004).
This view is supported by the results of a brain imaging study
conducted by Ellis and colleagues (2006). These authors showed
that when people name pictures whose names are either early or
late acquired, different patterns of brain activation are found.
Greater activation was found in the occipital poles (posterior part
of the middle occipital gyri) and the left temporal pole for early
acquired items, whereas greater brain activation in the left middle
occipital and fusiform gyri was observed for late acquired ones.
This pattern of activation can be interpreted as evidence of the fact
that early acquired words correspond to entities with whom one
had direct sensory experience during the first years of life. These
studies are consistent with the hypothesis that the process of
mapping between different representations (e.g., between visual
and semantic representations) is different for early and late ac-
quired items. For instance, the anterior temporal areas that are
active when processing AoA seem to be important for binding
information stored in different modalities (see also Patterson, Nestor,
& Rogers, 2007). This pattern of activation might reflect the more
detailed semantic representations for early than late acquired items
and a richer interconnectivity for early than late acquired items (see
also Steyvers & Tenenbaum, 2005). If AoA effects have part of their
source in the semantic system, the richer and more detailed visual and
semantic representations of highly imageable concepts (as compared
to those of less imageable concepts) might better mediate semantic
involvement even in a task (i.e., word naming) in which the involve-
ment of semantics is not mandatory. This would give the opportunity
to the semantically related part of AoA to affect word processing
(Brysbaert & Ghyselinck, 2006). This was found in Experiment 4 and
in Cuetos and Barbon’s (2006) results.
The account we offer for the observation of AoA effects with
highly imageable words in Spanish word naming is consistent with
other findings in literature. Boulenger, Décoppet, Roy, Paulignan,
and Nazir (2007) found similar frequency effects but larger AoA
effects in lexical decision to nouns as compared to verbs that were
less imageable, although the two categories of words were
matched for several other variables. Indeed, while word frequency
significantly predicted performance for both nouns and verbs, AoA
was a significant predictor of RTs only for (concrete) nouns.
Our account is also consistent with the AoA effect that has been
found by Raman (2006) in word naming in Turkish, another trans-
parent orthography. In that study, the AoA effect was found with
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highly imageable items. Thus, it seems that the mapping hypothesis
must take into account the nature of the semantic processing induced
by items with different degrees of imageability.
In conclusion, in Spanish, and possibly in other languages (for
instance, see Wilson, Ellis, & Burani, 2012, for Italian), AoA
effects seem to be not only task-dependent but also item-
dependent. Previous research has shown that semantic richness
facilitates visual word processing (Pexman et al., 2007, 2008,
2002) and that highly imageable words may have a central place in
the core of the semantic network (Steyvers & Tenenbaum, 2005),
facilitating the semantically mediated processing of such words. In
consequence, the AoA effects found in word naming in Spanish,
reported by Cuetos and Barbón (2006), and in the present study,
are probably due to item characteristics that render word process-
ing susceptible to semantic involvement.
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Appendix A
Items Used in Experiments 1–3
Spanish English Freq AoA IMAG FAM letters syll N-size BiTklog BiTplog
High frequency, early acquired words
acto act 87.2 3.86 3.35 5.2 4 2 4 2.62 1.23
barrio neighborhood 83 3.76 5.96 6.05 6 2 1 2.84 1.85
capitán captain 82.6 3.44 5.4 4.25 7 3 1 2.73 1.89
cárcel prison 57.6 3.58 5.72 5.7 6 2 4 2.82 1.88
efecto effect 100.4 3.97 2.96 5.5 6 3 3 2.78 1.52
energía energy 125 3.89 2.75 5.85 7 4 0 2.80 1.70
escena scene 76.2 3.88 4.51 5.4 6 3 1 2.88 1.74
especie species 161 3.86 3.41 5.2 7 3 1 2.91 1.70
frase sentence 76.4 3.04 5.28 6.31 5 2 0 2.58 1.33
fútbol football 104.2 2.48 6.27 6.4 6 2 0 2.42 1.10
golpe hit 78 2.80 5.33 5.99 5 2 0 2.39 1.30
jardín garden 69.4 2.48 5.86 6.21 6 2 0 2.60 1.66
luna moon 58.8 2.02 5.57 5.88 4 2 7 2.34 1.17
marido husband 153.2 2.81 4.94 5.1 6 3 4 3.24 2.11
matrimonio marriage 81.2 3.48 5.71 5.95 10 4 1 2.50 1.77
mensaje message 55.2 3.48 4.35 5.7 7 3 0 2.72 1.71
patio yard 54.2 2.84 6.77 5.46 5 2 4 2.91 1.67
plata silver 53.4 3.64 5.15 4.91 5 2 6 3.06 1.60
poesía poetry 58.2 3.80 5.57 5.41 6 4 0 2.81 1.53
principio beginning 122.8 3.30 2.9 5.74 9 3 0 2.70 1.75
religión religion 55.8 3.16 4.23 5.33 8 4 0 3.02 2.06
rostro face 145.2 3.52 5.63 4.38 6 2 1 2.93 1.75
salud health 89.2 3.56 4.1 6.54 5 2 1 2.79 1.53
serie series 112.8 3.17 3.21 5.8 5 2 2 2.88 1.51
silencio silence 187.6 2.12 4.15 6.37 8 3 0 2.86 1.87
tabaco tobacco 65.4 4.00 6 5.51 6 3 2 2.63 1.70
tarea homework 75.2 3.58 4.34 5.87 5 3 4 2.97 1.68
teatro theatre 76.2 3.72 6.13 5.75 6 3 0 2.93 1.61
universo universe 58.4 3.88 5.12 5.01 8 4 0 2.59 1.68
victoria victory 72.8 3.48 4.16 3.76 8 3 0 2.76 1.95
M 89.22 3.35 4.83 5.55 6.27 2.73 1.57 2.77 1.65
SD 35.33 0.55 1.12 0.64 1.41 0.74 1.99 0.20 0.24
High frequency, late acquired words
acceso access 53 5.20 3.53 5.3 6 3 0 2.51 1.56
alcalde mayor 55.2 4.28 5.83 5.98 7 3 1 2.50 1.65
alma soul 118.6 4.62 4.55 5.73 4 2 9 2.95 1.22
análisis analysis 98.2 5.00 4.14 5.82 8 4 0 2.56 1.65
área area 39 4.67 3.38 4.38 4 3 13 2.60 1.07
artículo article 60.8 4.46 4.19 5.57 8 4 0 2.48 1.70
cabo cape 100.8 5.00 4.89 4.86 4 2 13 3.08 1.31
cadáver corpse 43 4.64 5.73 3.95 7 3 0 2.69 1.75
calidad quality 84 4.92 3.55 5.22 7 3 2 2.81 1.98
cáncer cancer 77 5.28 4.55 6.3 6 2 1 2.90 1.87
conflicto conflict 57.4 4.73 4.29 5.38 9 3 0 2.76 1.96
congreso congress 63.8 6.12 4.44 5.47 8 3 0 2.83 1.99
discurso speech 76.4 5.04 4.63 6.09 8 3 0 2.68 1.77
física physics 66 5.03 3.33 5.02 6 3 2 2.75 1.82
fortuna fortune 53.6 4.88 4.78 3.91 7 3 0 2.78 1.91
juicio trial 79.8 5.48 5.46 5.71 6 2 1 2.61 1.53
líder leader 54.8 4.44 4.97 6.04 5 2 0 3.03 1.42
ministro minister 135.2 4.96 5.26 5.48 8 3 1 2.59 1.77
nación nation 45.2 4.92 3.91 5.52 6 3 3 2.76 1.82
novela novel 101 4.96 5.87 5.51 6 3 1 2.50 1.45
(table continues)
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Appendix (continued)
Spanish English Freq AoA IMAG FAM letters syll N-size BiTklog BiTplog
pasión passion 65 5.00 5.28 5.93 6 3 1 2.89 1.92
región region 49.6 4.92 4.54 5.09 6 3 1 2.75 1.84
relación relationship 188.6 4.88 3.85 6.61 8 4 2 3.10 2.14
selección selection 70.6 5.16 4.39 5.98 9 4 0 3.05 2.04
sexo sex 91.6 5.60 5.6 6.66 4 2 7 2.26 0.85
sociedad society 249.4 5.28 3.96 6.4 8 3 2 2.91 1.74
tensión tension 51.8 4.69 3.66 4.94 7 3 1 2.93 1.88
tribunal tribunal 34.6 4.72 5.83 5 8 3 0 2.63 1.78
víctima victim 38.8 4.65 4.46 6.21 7 3 0 2.65 1.64
voluntad will 112 4.68 3.53 5.76 8 3 0 2.76 1.76
M 80.49 4.94 4.55 5.53 6.70 2.93 2.03 2.74 1.69
SD 46.05 0.37 0.79 0.69 1.47 0.58 3.61 0.20 0.29
Low frequency, early acquired words
acordeón accordion 2 3.65 5.1 4.15 8 4 0 2.48 1.75
adjetivo adjective 8 3.88 2.35 5.4 8 4 1 2.58 1.77
atún tuna fish 3.8 3.12 5.66 5.84 4 2 0 0.86 0.30
canela cinnamon 4.4 3.76 3.87 4.35 6 3 2 2.88 1.90
capricho whim 14 3.20 4.24 6.04 8 3 0 2.54 1.84
colcha blanket 5.6 3.77 5.22 5.94 6 2 2 2.62 1.71
cordel string 4 3.92 4.72 4.41 6 2 1 2.91 1.75
elefante elephant 8.2 2.15 5.08 5.81 8 4 2 2.80 1.88
escudo shield 10 3.43 5.17 4.97 6 3 1 3.10 1.82
esponja sponge 4.6 2.50 6.16 6.25 7 3 0 2.67 1.66
ficha counter/chip 8.6 2.76 5.74 6.05 5 2 6 2.97 1.49
flequillo fringe 3.4 3.36 5.85 6.28 9 3 0 2.04 1.67
gancho hook 5 3.5 4.9 5.37 6 2 5 2.48 1.69
golondrina swallow 2.6 3.36 6.16 4.44 10 4 0 2.05 1.63
gripe flu 8.2 2.62 4.96 6.53 5 2 0 2.32 1.31
joya jewel 5.2 3.50 5.96 6.05 4 2 5 2.24 0.95
ladrillo brick 9 2.65 5.38 4.16 8 3 0 2.40 1.80
litro liter 8.4 3.73 4.32 6.45 5 2 3 2.94 1.53
muslo thigh 8.4 3.16 5.34 5.39 5 2 2 2.88 1.32
paladar palate 7.2 3.64 5.1 5.8 7 3 0 2.93 2.22
pepita pip/seed 6.2 3.20 5.04 5.05 6 3 2 2.77 1.87
plural plural 9 3.36 2.99 5.47 6 2 0 2.52 1.58
recado message 7.8 3.36 3.58 5.7 6 3 5 3.18 2.10
remolino whirlpool 4.8 3.69 5.21 5.2 8 4 0 2.74 2.01
roble oak 5.8 3.28 4.83 3.84 5 2 2 2.81 1.34
salsa sauce 8.2 2.73 5.41 5.94 5 2 4 2.84 1.64
semilla seed 6.8 3.04 5.46 4.79 7 3 0 2.87 1.91
sustantivo noun 4.4 3.89 3.21 4 10 4 1 2.37 1.92
tiniebla darkness 2.4 3.68 4.69 4.02 8 3 0 2.60 1.70
tripa gut 6.2 2.46 4.5 4.91 5 2 3 2.36 1.40
M 6.41 3.28 4.87 5.29 6.57 2.77 1.57 2.59 1.65
SD 2.64 0.48 0.92 0.82 1.63 0.77 1.85 0.44 0.36
Low frequency, late acquired words
andén train platform 4.4 5.72 5.69 4.9 5 2 0 2.72 1.22
anís anisette 4.8 5.16 6.05 5.48 4 2 1 2.59 0.78
avalancha avalanche 7.4 4.56 5.61 5.25 9 4 0 2.37 1.49
azotea roof 7.6 4.68 5.21 6.67 6 4 0 1.75 1.25
cantina canteen 5.6 5.08 5.91 4.95 7 3 1 2.99 2.12
coloquio conversation 5.4 6.00 5.08 4.93 8 3 0 2.72 1.92
escote cleavage 7.8 5.00 4.97 6.05 6 3 0 2.81 1.65
faena work 7.4 4.52 3.73 5.5 5 3 1 2.68 1.41
fobia phobia 4.4 5.46 3.43 5.82 5 2 0 2.99 1.55
juerga binge 4.6 5.12 5.47 5.69 6 2 0 3.12 1.60
manivela crank 2 4.72 5.65 5.52 8 4 0 2.42 1.81
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Appendix (continued)
Spanish English Freq AoA IMAG FAM letters syll N-size BiTklog BiTplog
municipio municipality 8.2 4.68 4.82 5.03 9 4 0 2.49 1.66
ozono ozone 10.4 4.83 2.43 5.27 5 3 0 2.23 1.16
parcela plot/field 9.2 4.96 5.44 5.52 7 3 0 2.79 1.96
patrulla patrol 5 4.80 4.85 5.47 8 3 0 2.51 1.89
prosa prose 11 4.76 4.24 5.12 5 2 2 2.25 1.30
ración portion 7.4 5.00 4.5 5.48 6 3 2 2.76 1.86
reliquia relic 4 4.96 4.78 5.18 8 3 0 2.85 1.99
retina retina 9.8 5.38 4.95 4.96 6 3 4 2.86 1.91
riñón kidney 8 4.88 5.85 5.96 5 2 2 2.47 1.53
sargento sergeant 12 4.52 5.91 5.46 8 3 0 2.91 2.04
sermón preach 4 4.84 5.31 5.87 6 2 0 2.82 1.86
socio partner 14 5.44 3.79 5.92 5 2 6 3.05 1.57
tabú taboo 3.4 5.73 3.12 4.9 4 2 1 1.96 0.99
tango tango 4.2 4.52 5.33 5.38 5 2 6 2.92 1.62
tope limit 11 4.80 4.27 5.8 4 2 9 2.88 1.11
transistor transistor 4.4 5.68 5.33 5.56 10 3 0 2.25 1.69
vara stick 5.8 4.64 5.23 5.11 4 2 12 3.61 1.33
viga beam 2.6 5 5.62 5 4 2 11 2.62 1.10
vigilia vigil/wakefulness 7.4 5.48 3.93 5.23 7 3 0 2.79 1.80
M 6.77 5.03 4.88 5.43 6.17 2.70 1.93 2.67 1.57
SD 2.98 0.41 0.91 0.42 1.70 0.70 3.41 0.37 0.35
Note. Freq  written frequency (in 1 million occurrences and taken from the LEXESP database; Sebastián et al., 2000); AoA  age of acquisition;
IMAG  imageability; FAM  familiarity; letters  length in letters; syll  length in syllables; N-size  neighborhood size; BiTklog  log bigram
frequency (token); BiTplog  log bigram frequency (type); LEXESP  Léxico Informatizado del Español database.
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Appendix B
Items Used in Experiment 4
Spanish English Freq AoA IMAG FAM letters syll N-size BiTklog BiTplog
High frequency, early acquired words
accidente accident 39.00 3.60 5.86 6.35 9 4 1 2.82 1.96
antena antenna 35.60 3.32 6.52 5.72 6 3 0 2.69 1.70
árbol tree 39.20 1.70 6.27 6.67 5 2 0 2.11 1.12
avión airplane 56.40 2.33 5.83 6.26 5 2 1 2.39 1.51
banco bank 52.60 2.22 5.68 6.35 5 2 6 2.93 1.66
café coffee 86.80 2.81 5.20 7.00 4 2 6 3.07 1.21
cárcel prison 57.60 3.58 5.72 5.70 6 2 4 2.82 1.88
dado dice 191.60 2.77 5.24 5.28 4 2 8 3.16 1.20
espejo mirror 73.60 2.15 5.46 5.36 6 3 1 2.75 1.47
estómago stomach 38.80 2.97 5.42 5.65 8 4 0 2.61 1.74
estrella star 45.40 2.42 5.90 5.66 8 4 0 2.72 1.93
jardín garden 69.40 2.48 5.86 6.21 6 2 0 2.60 1.66
marco frame 51.40 2.93 5.61 5.61 5 2 6 3.06 1.77
montaña mountain 38.60 2.26 5.26 6.38 7 3 1 2.79 1.83
motor engine 37.20 3.58 5.67 5.25 5 2 1 2.96 1.49
poesía poetry 58.20 3.80 5.57 5.41 6 4 0 2.81 1.53
rostro face 145.20 3.52 5.63 4.38 6 2 1 2.93 1.75
sangre blood 206.60 2.21 6.06 6.53 6 2 0 2.84 1.61
suelo floor 165.80 2.17 6.19 6.54 5 2 7 3.02 1.52
techo ceiling 45.00 2.88 5.90 6.54 5 2 5 3.17 1.56
M 76.70 2.79 5.74 5.94 6 3 2 2.81 1.60
SD 54.37 0.61 0.35 0.64 1 1 3 0.26 0.23
High frequency, late acquired words
alcalde mayor 55.20 4.28 5.83 5.98 7 3 1 2.50 1.65
ansiedad anxiety 38.40 6.20 7.00 4.91 8 3 0 2.85 1.76
banda band 40.00 4.40 5.06 5.96 5 2 7 3.02 1.74
cabo cape 100.80 5.00 4.89 4.86 4 2 13 3.08 1.31
cadáver corpse 43.00 4.64 5.73 3.95 7 3 0 2.69 1.75
droga drug 41.80 5.20 5.29 6.12 5 2 1 2.26 1.22
ejército army 94.40 4.20 5.55 5.57 8 4 1 2.78 1.80
espacio space 150.60 4.16 4.92 6.09 7 3 0 2.94 1.83
horizonte horizon 41.80 4.35 5.67 5.13 9 4 0 2.70 1.93
individuo individual/person 64.40 4.96 5.43 5.86 9 4 0 2.59 1.73
juicio trial 79.80 5.48 5.46 5.71 6 2 1 2.61 1.53
libertad liberty 185.40 4.12 4.94 5.98 8 3 0 2.78 1.77
líder leader 54.80 4.44 4.97 6.04 5 2 0 3.03 1.42
ministro minister 135.20 4.96 5.26 5.48 8 3 1 2.59 1.77
novela novel 101.00 4.96 5.87 5.51 6 3 1 2.50 1.45
ordenador computer 56.20 4.33 6.05 6.46 9 4 0 2.45 1.83
pasión passion 65.00 5.00 5.28 5.93 6 3 1 2.89 1.92
seno breast 36.40 4.58 5.82 4.71 4 2 12 2.79 1.30
sexo sex 91.60 5.60 5.60 6.66 4 2 7 2.26 0.85
tabaco tobacco 65.40 4.00 6.00 5.51 6 3 2 2.63 1.70
M 77.06 4.74 5.53 5.62 7 3 2 2.70 1.61
SD 41.17 0.57 0.51 0.65 2 1 4 0.24 0.28
Low frequency, early acquired words
acordeón accordion 2.00 3.65 5.10 4.15 8 4 0 2.48 1.75
arpa harp 1.40 3.35 5.53 3.51 4 2 8 2.25 1.08
camello camel 2.60 3.06 5.89 5.25 7 3 1 3.03 1.96
cortina curtain 13.80 2.70 5.62 5.63 7 3 1 2.99 2.12
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Appendix (continued)
Spanish English Freq AoA IMAG FAM letters syll N-size BiTklog BiTplog
elefante elephant 8.20 2.15 5.08 5.81 8 4 2 2.80 1.88
escoba broom 3.20 2.44 5.74 6.15 6 3 0 2.62 1.39
espina thorn 8.00 3.03 5.60 5.75 6 3 4 2.95 1.83
gancho hook 5.00 3.50 4.90 5.37 6 2 5 2.48 1.69
gusano worm 4.80 2.31 5.32 5.97 6 3 0 2.77 1.68
hada fairy 4.20 2.07 4.89 3.52 4 2 8 3.24 1.23
huerta vegetable garden 11.60 2.64 5.09 5.15 6 2 4 3.29 1.85
jabón soap 10.60 2.00 5.64 6.75 5 2 5 2.71 1.63
lavabo washbasin 13.20 2.61 6.62 6.51 6 3 1 1.70 1.26
libélula dragon fly 1.20 3.75 4.96 4.44 8 4 0 2.52 1.62
merluza hake 5.40 3.52 6.00 5.86 7 3 0 2.74 1.71
momia mummy 7.40 3.29 5.77 4.31 5 2 0 2.69 1.58
pera pear 5.20 1.96 5.68 5.82 4 2 17 3.67 1.37
sábana sheet 10.40 2.32 6.44 6.21 6 3 2 2.92 1.85
serpiente snake 12.60 2.04 6.20 2.99 9 3 0 2.89 2.02
trofeo trophy 5.20 3.56 4.84 3.53 6 3 1 2.39 1.56
M 6.80 2.80 5.55 5.13 6 3 3 2.76 1.65
SD 4.06 0.62 0.52 1.13 1 1 4 0.42 0.28
Low frequency, late acquired words
ataúd coffin 6.20 4.36 5.35 5.51 5 3 0 1.96 0.78
avalancha avalanche 7.40 4.56 5.61 5.25 9 4 0 2.37 1.49
azotea roof 7.60 4.68 5.21 6.67 6 4 0 1.75 1.25
butaca armchair 10.20 4.68 6.43 5.32 6 3 0 2.55 1.59
euforia euphoria 12.40 5.24 5.09 5.41 7 3 0 2.85 1.80
guante glove 9.40 4.31 6.31 4.26 6 2 0 3.21 1.63
horca gallows 3.20 4.34 5.59 3.06 5 2 4 2.87 1.64
jauría pack (of hounds) 3.00 4.68 4.89 3.05 6 3 0 2.56 1.56
lona canvas 5.00 4.77 5.36 5.07 4 2 14 2.44 1.33
machete machete 2.00 4.39 5.72 3.92 7 3 2 2.65 1.91
ostra oyster 1.60 4.32 5.18 5.46 5 2 0 3.08 1.46
patrulla patrol 5.00 4.80 4.85 5.47 8 3 0 2.51 1.89
repisa shelf 2.60 5.16 5.36 4.94 6 3 1 2.37 1.68
riñón kidney 8.00 4.88 5.85 5.96 5 2 2 2.47 1.53
satélite satellite 13.20 4.64 4.93 4.35 8 4 0 2.75 1.92
sotana cassock 9.60 4.88 5.85 4.82 6 3 2 2.86 1.82
timón steering wheel 7.40 4.59 5.94 4.59 5 2 5 2.45 1.61
toalla towel 10.40 6.70 6.35 6.70 6 3 1 2.26 1.46
tornado tornado 4.20 4.54 5.29 2.28 7 3 1 3.08 2.25
urna urn 1.80 4.36 6.15 4.90 4 2 1 2.19 1.11
M 6.51 4.74 5.57 4.85 6 3 2 2.56 1.59
SD 3.60 0.53 0.50 1.14 1 1 3 0.37 0.32
Note. Freq: Written frequency (in 1 million occurrences and taken from the LEXESP database; Sebastián et al., 2000); AoA  age of acquisition;
IMAG  imageability; FAM  familiarity; letters  length in letters; syll  length in syllables; N-size  neighborhood size; BiTklog  log bigram
frequency (token); BiTplog  log bigram frequency (type); LEXESP  Léxico Informatizado del Español database.
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